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© A semiconductor device having a high productiv- /I7d 
ity, a low resistance ohmic electrode, a high integra- 2 s */**^ 



tion density, a low deterioration of a characteristic of ij^^j k ^ 2 

each component and a high yield is provided. The F ig. 8H 



ohmic contact of the semiconductor device has a 
structure of an AuGe/Ni alloy layer (27), a WSi layer 
(18c) and an Au layer (17d) sequentially laminated 
on a GaAs substrate (1) . The flatness of the elec- 
trode is maintained by the WSi layer (18c) and the 
reduction of a resistance of the electrode is attained 
by the Au layer (17d). 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a lll-V com- 
pound group semiconductor device, and more par- 
ticularly to a lll-V compound group semiconductor 
device characterized by a wiring, a resistance, and 
an ohmic electrode, of a field effect transistor (FET) 
built therein. 

Related Background Art 

An alloyed ohmic contact method has been 
known as one of methods for forming an ohmic 
contact of an FET on a semiconductor substrate. In 
this method, a metal as a base and a metal as 
dopant are deposited on the semiconductor sub- 
strate and they are alloyed by a thermal process to 
form the ohmic contact. Ag or In is used as the 
base electrode, and Si, Ge or Sn for an n-type and 
Zn, Be or Mg for a p-type are frequently used as 
the dopant. Among others, a two-layered ohmic 
contact having an AuGe layer formed on a GaAs 
substrate and having a Ni layer formed thereon is 
fr quently used. 

Fig. 1 shows an FET having an ohmic elec- 
trode structure formed by the prior art method. A 
pair of ohmic electrodes 4a and 4b for a source 
and a drain are formed on the opposite sides of a 
gate electrode 2 formed on an n-type GaAs sub- 
strate 1 , and a pair of ohmic electrode wirings 60a 
and 60b are formed to cover the ohmic electrodes. 
The ohmic electrodes 4a and 4b are of the 
AuGe/Ni structure described above. 

Figs. 2A - 2F and Fig. 3 show the AuGe/Ni two- 
layered ohmic electrode and a method for forming 
th same. The forming method is first explained. 
An interlayer insulation film 2 is vacuum-deposited 
on the GaAs substrate 1 (step 201 in Fig. 3, and 
Fig. 2A). A photoresist material is applied on the 
interlayer insulation film 2 to form a resist pattern 6 
having an opening at an ohmic electrode formation 
area (step 202 in Fig. 2B). Then, the interlayer 
insulation film 2 is partially etched to form an 
electrode pattern (step 203, Fig. 2C). An AuGe 
layer 7 is vacuum-deposited on the GaAs substrate 
1 having the electrode pattern formed thereon. An 
Ni layer 8 is further vacuum-deposited on the AuGe 
layer 7 (step 204, Fig. 2D). Then, unnecessary 
metal is removed by a lift-off method (step 205, 
Fig. 2E). The AuGe layer 7 and the Ni layer 8 
formed in the above steps are heated to an alloying 
temperature to form an ohmic electrode made of 
AuGe/Ni alloy 3 (step 206, Fig. 2F). 

Besides the ohmic electrode formed by the 
above method, an ohmic electrode formed by a 
second prior art method is known. In this method, 



an AuGe/Au ohmic electrode is formed on the n- 
type GaAs substrate 1 . 

An ohmic electrode formed by a third prior art 
method is also known. In this method, a refractory 

5 metal alloy or silicide is sandwiched between an 
AuGe layer and an Au layer such as an 
AuGe/TiW/Au structure or an AuGe/WSi/Au struc- 
ture on the n-type GaAs substrate 1. (See Japa- 
nese Laid-Open Patent Publication No. 58-135668). 

70 In the prior art ohmic electrode, a resistance of 

the electrode can be reduced by applying Au to 
the surface thereof. However, in the ohmic elec- 
trode by the first prior art method described above, 
when the Au layer is formed directly on the Ni 

is layer and heated to the alloying temperature, a so- 
called ball-up phenomenon may occur. The ball-up 
means a phenomenon in which irregular alloying 
proceeds. It looses the flatness of the electrode, 
and in a long range, Au reacts with GaAs to dete- 

20 riorate the reliability. In order to prevent the ball-up, 
metal may be inserted between the Ni layer and 
the Au layer. The formation of the metal must be 
done by a sputtering method because it is difficult 
to raise the temperature to the melting point by the 

25 vacuum deposition method. However, when the 
sputtering method is used, the metal is also formed 
on the side wall of the aperture (ohmic electrode 
formation area) of the photoresist. This makes the 
removal of the metal by the lift-off method impos- 

30 sible. Accordingly, in the prior art electrode forma- 
tion method, the Au thin film cannot be applied to 
the surface. 

In the above ohmic electrode structure, a mea- 
sure to reduce the resistance in a post process is 

35 required because the resistance of the ohmic elec- 
trode is raised. To this end, ohmic electrode wir- 
ings 60a and 60b cover the entire surfaces of the 
ohmic electrodes 4a and 4b as shown in Fig. 1. As 
a result, other wirings cannot be formed to cross 

40 the ohmic electrodes 4a and 4b, and this causes 
the reduction of an integration density of the semi- 
conductor device. 

In the ohmic electrode structure formed by the 
second prior art method, the resistance of the 

45 ohmic electrode is maintained low but the upper Au 
layer and the Ga of substrate react and it raises a 
problem with respect to the reliability of the semi- 
conductor device. 

In the ohmic electrode structure formed by the 

so third prior art method, the resistance of the ohmic 
electrode is maintained low but it is difficult to 
reduce the resistance of the ohmic contact area. 

The wiring in the prior art semiconductor de- 
vice is now discussed. The wiring by Au (Au wiring 

55 layer) is usually not provided directly on the under- 
lying insulation film but a Ti layer or a Ti/Pt struc- 
ture layer which is a lamination of a Ti layer and a 
Pt layer is frequently formed between the Au wiring 



2 



3 



EP 0 559 182 A2 



4 



layer and the underlying insulation film. The Ti 
layer enhances the coupling of the underlying in- 
sulation film and the Au wiring layer, and the Pt 
layer functions as a barrier metal to prevent the 
mutual diffusion of Ti and Au. Accordingly, the Pt 
layer is provided on the Ti layer or not provided 
depending on the application and the life of the 
semiconductor device. 

The above structure is described in "1991 
IEEE International Solid-State Circuits Conference 
DIGEST OF TECHNICAL PAPERS" p. 152 - 153, 
P. 308. 

However, Au and Ti reacts at a temperature of 
higher than 300 • C to form an alloy layer having a 
high resistance. Accordingly, the Ti/Au wiring struc- 
ture having the lamination of the Ti layer and the 
Au wiring layer has a short lifetime in view of the 
reliability of the semiconductor device. When a 
multi-layer wiring is formed by using a Ti/Pt/Au 
structure having a lamination of a Ti layer, a Pt 
layer and an Au layer, the Au (gold) 114 of a first 
layer wiring 110 and the Ti (titanium) 123 of a 
second layer wiring 120 contact in a through-hole 
130 by which the first layer wiring 110 and the 
second layer wiring 120 are connected, as shown 
in Fig. 4. As a result, the mutual diffusion occurs in 
that area and the reliability is deteriorated. 

The film resistance in the prior art semiconduc- 
tor device is now discussed with reference to Figs. 
5A - 5D. 

Figs. 5A - 5D show steps of a prior art method 
for forming a high resistance film and a peripheral 
wiring on an insulation film on the surface of the 
substrate. 

A resistor metal Ni-Cr-Si layer 222 is formed 
on an insulation film 221 deposited on the surface 
of the substrate. A photoresist 223 is applied on 
the Ni-Cr-Si layer 222, and it is patterned into a 
shape of a desired high resistance film (Fig. 5A). 
The Ni-Cr-Si layer 222 is etched by using the 
photoresist 223 as a mask, and an insulation film 
224 is formed thereon. Contact holes 225 and 226 
are formed in the insulation film 224, and a metal 
wiring Au layer 227 is formed on the insulation film 
224 and in the contact holes 225 and 226. The Ni- 
Cr-Si layer 222 which is the high resistance film 
and the metal wiring Au layer 227 are electrically 
connected by the formation of the Au layer 227. 

In the prior art manufacturing method de- 
scribed above, the resistance fluctuates because 
the dimension of the high resistance film is deter- 
mined by the positions of the contact holes 225 
and 226. Further, since margin for positioning be- 
tween the high resistance film and the wiring is 
required, it is not suitable for high integration den- 
sity. • * ' 



SUMMARY OF THE INVENTION 

It is a first object of the present invention to 
provide a method for forming an ohmic electrode 

5 which permits to improve an integration density of 
a semiconductor device and reduce the deteriora- 
tion of a characteristic of components. 

It is a second object of the present invention to 
provide a semiconductor device which has a high 

70 integration density by the use of the above ohmic 
electrode, has reduced deterioration of a character- 
istic of the components and has a high yield. 

The semiconductor device of the present in- 
vention has an ohmic electrode having a gold 

75 germanium/nickel (AuGe/Ni) alloy layer which is an 
alloy of a gold germanium (AuGe) layer and a 
nickel (Ni) layer, a tungsten (W) alloy layer and a 
gold (Au) layer sequentially laminated on a GaAs 
substrate. A titanium tungsten (TiW) layer or a 

20 tungsten silicate (WSi) layer is used as the tung- 
sten (W) alloy layer which forms the ohmic elec- 
trode. 

The method for forming the ohmic electrode of 
the present invention comprises a first step of 

25 forming an interlayer insulation film on a GaAs 
substrate and selectively removing the interlayer 
insulation film in an ohmic electrode formation 
area, a second step of sequentially laminating a 
gold germanium (AuGe) layer, a nickel (Ni) layer, a 

30 tungsten (W) alloy layer and a gold (Au) layer on 
the interlayer insulation film and the exposed. GaAs 
substrate, a third step of forming a mask pattern 
covering the ohmic electrode formation area on the 
gold (Au) layer and etching off those areas of the 

35 gold germanium (AuGe) layer, the nickel (Ni) layer, 
the tungsten (W) alloy layer and the gold (Au) layer 
which are not covered by the mask pattern, and a 
fourth step of removing the mask pattern and al- 
loying the gold germanium (AuGe) layer and the 

40 nickel (Ni) layer to form a gold germanium/nickel 
(AuGe/Ni) alloy layer. 

A titanium tungsten (TiW) layer or a tungsten 
silicate (WSi) layer is used as the tungsten (W) 
alloy layer in the above formation method. 

45 The semiconductor device of the present in- 

vention has the ohmic electrode structure formed 
by laminating the AuGe/Ni layer, the tungsten (W) 
alloy layer and the Au layer on the GaAs substrate 
and alloying only the AuGe/Ni layer. Accordingly, 

so the ohmic electrode structure formed in the semi- 
conductor device has a sufficiently low contact 
resistance and a sufficiently low resistance in the 
ohmic electrode area. Accordingly, it is not neces- 
sary to increase the contact area of the ohmic 

55 electrode wiring, and hence the integration density 
of the semiconductor device can b increased and 
the deterioration of the characteristic of the compo- 
nents is prevented. 
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In accordance with the present ohmic elec- 
trode, the ball-up phenomenon can be prevented 
by the W (tungsten) alloy layer formed on the 
AuGe/Ni alloy layer. The reduction of the resis- 
tance of the electrode is attained by the Au layer 5 
formed on the W (tungsten) alloy layer. 

On the other hand, in the method for forming 
the bhmic electrode of the present invention, when 
the AuGe/Ni layer is alloyed to form the ohmic 
contact, the alloying proceeds only for 10 
GaAs/AuGe/Ni because the laminated tungsten 
(W) alloy layer serves as a barrier metal for the 
GaAs/AuGe/Ni layer and the Au layer. 

When the interlayer insulation film is formed on 
the GaAs substrate prior to the above formation 15 
method, the interlayer insulation film prevents the 
damage to the GaAs substrate during the etching 
process of the metal layers. Since the lift-off meth- 
od is not used in the lamination process of the 
metal layers, various deposition methods may be 20 
used. Accordingly, the W (tungsten) alloy layer and 
the Au layer may be formed by the sputtering 
method. Further, the W (tungsten) alloy layer 
formed on the AuGe/Ni alloy layer serves as the 
barrier to prevent the formation of an irregular 25 
alloy. 

It is a third object of the present invention to 
provide a wiring structure of high reliability in a 
semiconductor device. 

In order to achieve the above object, the wiring 30 
structure of the present invention in the semicon- 
ductor device which uses Au in the wiring layer, 
has a TiW layer between the wiring layer and an 
insulation film on which the wiring layer is formed. 
The TiW layer preferably has Ti mass percentage 35 
of 5 % to 30 %. 

In accordance with the present invention, since 
the TiW layer is formed between the underlying 
insulation film and the Au wiring layer, the coupling 
of the underlying insulation film and the Au wiring 40 
layer is secured by the TiW layer. When the Ti 
mass percentage in the TiW layer is 5 % to 30 %, 
the TiW layer and the Au wiring layer do not react 
up to 400 °C. As a result, the low resistance of the 
Au wiring layer is maintained even in a high tern- 45 
p rature atmosphere. 

It is a fourth object of the present invention to 
provide a resistor and a peripheral wiring thereof 
which have a small variance in the resistance and 
are suitable for high density integration, and a so 
method for forming the same. 

In order to achieve the above object, a method 
for forming a resistor and a peripheral wiring there- 
of of the present invention comprises a step of 
sequentially laminating a resistor metal layer and a 55 
wiring metal lay r on an insulation layer to form a 
multi-layer metal layer, a step of patterning the 
multi-layer metal layer into a desired pattern by a 



lithography technique, and a step of etching off a 
desired area of the wiring metal layer by the lithog- 
raphy technique. 

In accordance with the method for manufactur- 
ing the resistor and the peripheral wiring thereof of 
the present invention, a desired wiring metal layer 
of the multi-layer metal layer patterned into the 
desired pattern is etched off. The area of the wiring 
metal layer which was etched off serves as the 
high resistance area, and the area of the wiring 
metal layer which was not etched off serves as the 
wiring. The resistance of the high resistance area 
thus formed is determined by the area and the 
shape of the etched-off wiring metal layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a plan view of a prior art ohmic 
electrode, 

Figs. 2A to 2F show sectional views of steps of 
a prior art method for forming the ohmic elec- 
trode, 

Fig. 3 shows a flow chart of the formation pro- 
cess, 

Fig. 4 shows a sectional view of a prior art 
wiring structure, 

Figs. 5A to 5D show sectional views of steps of 
a prior art method for manufacturing a resistor 
and a peripheral wiring thereof, 
Fig. 6 shows a sectional view of an ohmic elec- 
trode structure before alloying in one embodi- 
ment of the present invention, 
Fig. 7 shows a plan view of an FET having the 
ohmic electrode structure formed by the struc- 
ture of Fig. 6, 

Figs. 8A to 8H show sectional views of steps of 
a method for forming an ohmic electrode struc- 
ture in an embodiment of the present invention, 
Fig. 9 shows a flow chart of the process there- 
for, 

Fig. 10 shows a sectional view of an ohmic 
electrode structure in an embodiment of the 
present invention, 

Figs. 11 A to 11F show sectional views of steps 
of a second method for forming the ohmic elec- 
trode in an embodiment of the present invention, 
Fig. 12 shows a sectional view of a wiring struc- 
ture of a semiconductor device in an embodi- 
ment of the present invention, 
Figs. 13A - 13D show sectional views of steps of 
a method for forming a wiring structure of the 
semiconductor device in an embodiment of the 
present invention, and 

Figs. 14A - 14D show sectional views of steps of 
a method for manufacturing a resistor and a 
peripheral wiring thereof in an embodiment of 
the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 6 illustrates an embodiment of an ohmic 
electrode structure of the present invention. It 
shows a sectional view before alloying. An n-type 
ion implantation region 1a is formed on a surface of 
a semi-insulative GaAs substrate 1 . An SiN insula- 
tion film 2 is formed to cover the GaAs substrate 1 
and metal layers 11 - 14 which are to form the 
ohmic electrode structure are deposited in an ap- 
erture thereof. The metal layers 11-14 consist of 
an AuGe layer 11, an Ni layer 12, a TiW layer 13 
and an Au layer 14, from the bottom to the top. 
The AuGe layer 1 1 is preferably in a range of 800 - 
1200 Angstrom in thickness. The Ni layer 12 is 
preferably in a range of 200 - 400 Angstrom in 
thickness. The TiW layer 13 is preferably in a 
range of 200 - 1000 Angstrom in thickness. The Au 
layer 14 is preferably in a range of 1000 - 3000 
Angstrom in thickness. 

The structure shown in Fig. 6 is heated in a 
furnace to alloy the ion implantation region 1a, the 
AuGe layer 11 and the Ni layer 12. Thus, the 
ohmic electrode structure is completed. Since the 
TiW layer 13 serves as a barrier metal, the diffu- 
sion of Au into the ion implantation region 1 a or the 
diffusion of Ga and As into the Au layer 14 is 
prevented. In this manner, the reliability of the 
ohmic contact is enhanced. In addition, since the 
Au layer 14 is formed on a relatively low conductiv- 
ity TiW layer 1 3, the resistance of the ohmic elec- 
trode can be reduced sufficiently. 

Fig. 7 shows a plan view of an FET having the 
ohmic electrode structure formed by alloying the 
structure shown in Fig. 6. A pair of ohmic elec- 
trodes 54a and 54b for a source and a drain are 
formed on the opposite sides of a gate electrode 
52 formed on the GaAs substrate. A pair of ohmic 
electrode wirings 56a and 56b are connected to the 
ohmic electrodes 54a and 54b through contact 
holes 53a and 53b. Since the ohmic electrodes 54a 
and 54b are formed by alloying the AuGe/Ni metal 
layers 11 and 12 of Fig. 6 and the top layer is the 
Au layer 14, the resistivity thereof is low. As a 
result, the characteristic of the FET can be fully 
maintained by a contact hole of 1 micron square 
without the need for enlarging the ohmic electrode 
wirings as required in the prior art. Accordingly, the 
wiring 58 which crosses the ohmic electrodes 54a 
and 54b may be formed so that the dimension of 
the integrated circuit of the semiconductor device 
can be significantly reduced and the characteristic 
of the integrated circuit or the semiconductor de- 
vice can be i m proved . 

In the above structure, a WSi layer may be 
used in place of the TiW layer to attain the same 
effect. 



A method for forming the ohmic electrode of 
the present embodiment is now explained in detail. 

Figs. 8A - 8H and Fig. 9 show sectional views 
and a flow chart of steps of the method for forming 

5 the ohmic electrode having the above structure. In 
the present embodiment, it is formed by a first step 
(Figs. 8A - 8D) for forming an interlayer insulation 
film having an opening in an ohmic electrode for- 
mation area, a second step (Fig. 8E) for sequen- 

70 tially forming the electrode metal layers, a third 
step (Figs. 8F - 8G) for removing undesired metals 
by etching, and a fourth step (Fig. 8H) for forming 
the alloy by a thermal process. The formation steps 
are now explained in detail. 

75 In the first step, the SiN thin film 2 is formed 

on the GaAs substrate 1 to a thickness of 1500 
Angstrom (step 101, Fig. 8A). In the present em- 
bodiment, a plasma CVD device is used to form it. 
Then, a photoresist material is applied to form the 

20 resist pattern 6 having the opening in the ohmic 
electrode formation area (step 102, Fig. 8B). The 
SiN layer 2 in the ohmic electrode formation area 
is etched by a reactive ion etching (RIE) device by 
using the resist pattern 6 as a mask (step 103. Fig. 

25 8C). In the etching, CF4 is used as plasma etching 
gas. Then, the resist pattern 6 is removed by using 
O2 plasma asher (step 104, Fig. 8D). 

In the second step, the AuGe layer 17a having 
a film thickness of 1000 Angstrom and the Ni layer 

30 17b having a film thickness of 300 Angstrom are 
sequentially formed by a vacuum deposition meth- 
od on the SiN thin film 2 and the exposed GaAs 
substrate 1. Then, the WSi layer 18c having a film 
thickness of 1000 Angstrom and the Au layer 17d 

35 having a film thickness of 1500 Angstrom are se- 
quentially formed by using a sputtering method 
(step 105, Fig. 8E). The sputtering method is used 
to form the WSi layer 18c because the sputtering 
method is most suitable for the formation of a 

40 metal such as the WSi layer 18c. The vacuum 
deposition method is not suitable for the formation 
of the metal such as the WSi layer 18c because it 
cannot raise the temperature to the melting point. 
In the present embodiment, the sputtering method 

45 can be used because the unnecessary metal is not 
removed by the lift-off method as it is done in the 
prior art. The reason therefor is described below. 
The lift-off method removes a fragile resist pattern 
on a step wall to remove the unnecessary metal 

50 formed on the resist pattern. However, where the 
metal is formed by the sputtering method after the 
formation of the resist pattern, the side of the resist 
pattern is also covered by the metal. As a result, 
the removal of the resist pattern by the lift-off 

55 method is not possible after the formation of the 
metal by the sputtering m thod. 

In the third step, th photo-resist is applied to 
the ohmic electrode formation area on the surface 
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of the Au layer 17d to form the resist pattern 6 
(step 106, Fig. 8F). The Au layer 17d, the WSi 
layer 18c, the Ni layer 17b and the AuGe layer 17a 
are etched by an ion milling method by inactive 
Ar+ ions accelerated at 600 volts by using the 
resist pattern 6 as a mask. Then, the resist pattern 
6 is removed by using O2 plasma asher (step 107, 
Fig. 8G). Damage to the GaAs substrate 1 by the 
etchings process is prevented by the SiN layer 2 
formed on the GaAs substrate 1 . There is no risk of 
the redeposition of the unnecessary metal because 
the ohmic electrode is formed by etching the met- 
als. 

In the fourth step, the structure is heated to 
450 °C for 60 seconds to alloy the Ni layer 17b and 
the AuGe layer 17a. The AuGe/Ni alloy layer 27 is 
formed by the alloying (step 108, Fig. 8H). When 
the Au layer 17d is formed directly on the Ni layer 
17b and then the Ni layer 17b and the AuGe layer 
17a are alloyed, the ball-up frequently occurs, 
which looses the flatness of the ohmic electrode 
and deteriorates the reliability. In the present em- 
bodiment, the WSi layer 18c is inserted as a bar- 
rier between the Ni layer 17b and the Au layer 17d 
to maintain the flatness of the ohmic electrode. 

Fig. 10 shows a sectional view of the ohmic 
electrode structure formed by the above method. 
As shown, the SiN film 2 which is the interlayer 
insulation film having the opening in the ohmic 
electrode formation area is formed on the GaAs 
substrate 1. The ohmic electrode is formed in the 
opening. The ohmic electrode consists of the 
AuGe/Ni alloy layer 27, the WSi layer 18c and the 
Au layer 17d. Since the WSi layer 18c functions as 
the barrier, the flatness of the ohmic electrode is 
maintained during the formation of the AuGe/Ni 
alloy layer 27. The resistance of the ohmic elec- 
trode is also reduced by the function of the Au 
layer I7d. 

In the present embodiment, the vacuum depo- 
sition method is used to form the AuGe layer 17a 
and the Ni layer 17b, and the sputtering method is 
used to form the Au layer 17d although they are 
not restrictive. For example, the sputtering method 
may be used to form the AuGe layer 1 7a. 

In the present embodiment, the SiN film 2 is 
used as the interlayer insulation film although other 
insulation films (for example, an Si02 film) may be 
used. 

In the present embodiment, the WSi layer 18c 
is used as the barrier metal layer in the alloying 
process. Alternatively, a TiW layer may be used. A 
formation method in that case is similar to that 
described above but it is briefly explained below. 

In the step of Fig. 11 A, the SiN film 2 which is 
the insulation film is formed on the n-type ion 
implantation region 1a on the surface of the GaAs 
substrate 1 by using a P-CVD device. In a step of 



Fig. 11B, the SiN film 2 in the area in which the 
ohmic electrode structure is to be formed is re- 
moved by using the photo-resist and the RIE. 

In a step of Fig. 11C. the AuGe/Ni/TiW/Au 

5 metal layer 17 is formed. More particularly, the 
AuGe layer 17a having a thickness of 1000 Ang- 
strom and the Ni layer 17b having a thickness of 
300 Angstrom are sequentially formed by using the 
vacuum deposition device, and the TiW layer 17c 

to of 400 Angstrom and the Au layer 17d of 1500 
Angstrom are sequentially formed by using the 
sputtering device. 

In a step of Fig. 11D, the resist pattern 6 is 
formed on the AuGe/Ni/TiW/Au metal layer 17b by 

15 using the lithography technique, and an area in 
which the ohmic electrode structure is to be 
formed is patterned. 

In a step of Fig. 1 1 E, the Au layer 17d, the TiW 
layer 17c, the Ni layer 17b and the AuGe layer 17a 

20 are etched sequentially in the area in which the 
resist pattern 6 has been removed. 

In a step of Fig. 11F, the remainder of the 
resist pattern 6 is removed, and the AuGe layer 
17a, the Ni layer 17b, and the surface of the n-type 

25 ion implantation area 1a are alloyed at 450 °C for 
one minute by using an atmosphere furnace to 
form the alloy layer 27. Thus, the ohmic contact is 
formed between the n-type ion inplantaiion area 1a 
and the alloy layer 27. 

30 In the above method, the TiW layer is used as 

the barrier metal although other alloys of metals 
which function similarly may be used. 

By the provision of the ohmic electrode struc- 
ture formed by the above method, the ohmic elec- 

35 trode structure formed in the semiconductor device 
has a sufficiently low contact resistance and the 
resistance of the ohmic electrode area is also suffi- 
ciently low. Accordingly, there is no need for in- 
creasing the area for the ohmic electrode wiring 

40 and the integration density of the semiconductor 
device can be increased and the deterioration of 
the characteristic of each component is prevented. 

With the ohmic electrode of the present inven- 
tion, the flatness of the electrode is maintained by 

45 the tungsten (W) alloy layer formed on the AuGe/Ni 
alloy layer. In addition, the reduction of the resis- 
tance of the electrode is attained by the Au layer 
formed on the tungsten (W) alloy layer. As a result, 
the ohmic electrode structure of the present inven- 

50 tion may be effectively used in a field which re- 
quires the high density integration such as a GaAs 
LSI. 

In the method for forming the ohmic electrode 
structure described above, since the tungsten (W) 
55 alloy layer such as th TiW layer or the WSi layer 
functions as the barrier metal for the GaAs/AuG /Ni 
alloy layer and the Au layer in the alloying step, the 
alloying proceeds only in the GaAs/AuGe/Ni alloy 
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layer. Accordingly, the contact resistance of the 
ohmic contact can be sufficiently reduced. Further, 
since the Au layer is formed on the TiW layer or 
the WSi layer, the resistance of the ohmic elec- 
trode area can also be sufficiently reduced. 

In the method for forming the ohmic contact of 
the present invention, there is no risk of redeposi- 
tion of unnecessary metals because the metal lay- 
ers are etched. As a result, the improvement of 
yield is expected. 

A wiring structure of a compound semiconduc- 
tor device in accordance with an embodiment of 
the present invention is now explained with refer- 
ence to a sectional view of Fig. 12. A TiW (alloy of 
Ti and W) layer 133 is formed in a predetermined 
area of an underlying insulation film 132 on a GaAs 
substrate 131 in which a semiconductor device is 
formed, and an Au wiring layer 134 is formed 
thereon to connect devices. A mass percentage of 
Ti in TiW is 5 - 30 %. 

The coupling of the underlying insulation film 
132 and the Au wiring layer 134 is secured by the 
above wiring structure. The TiW layer 133 does not 
react with the Au wiring layer 134 up to 400 °C and 
acts as the barrier metal so that the reduction of 
the wiring resistance of the Au wiring layer 134 is 
attained. 

Figs. 13A - 13D show steps of the formation of 
the above wiring structure. 

The TiW layer 1 33 is formed on the underlying 
insulation film 132 to a thickness of 500 Angstrom 
by using the sputtering device. Similarly, the Au 
layer 141 is formed to a thickness of 5000 Ang- 
strom (Fig. 13A). 

Then, the resist (AZ-1400) is applied onto the 
Au layer 141 to a thickness of 1.3 urn and a wiring 
pattern 135 is formed by using the lithography 
technique (Fig. 13B). 

Then, the Au layer 141 and the TiW layer 133 
are sequentially etched by Ar gas by using the 
wiring pattern 135 as a mask and the ion milling 
device (Fig. 13C). 

Finally, the wiring pattern 135 is removed (Fig. 
13D). 

Through the above steps, the Au wiring layer 
134 having the TiW layer 133 between it and the 
underlying insulation film 132 is formed. 

When the mass percentage of Ti in the TiW 
layer 133 is less than 5 %, the coupling to the Au 
wiring layer 134 is poor, and when it is more than 
30 %, it reacts with the Au wiring layer 134 at a 
high temperature. Accordingly, in the present in- 
vention, the mass percentage of Ti is 5 - 30 %. 

In accordance with the wiring structure of the 
semiconductor device of the present invention, the 
low resistanc of the Au wiring layer can be main- 
tain d while the coupling of the underlying insula- 
tion film and the Au wiring layer is enhanced. No 



affect is observed to the wiring resistance even in a 
high temperature atmosphere of 400 ° C. When the 
present invention is used in a multi-layer wiring 
structure, Au of the first layer wiring and TiW or 
5 TiN of the second layer wiring contact so that the 
semiconductor device having a high reliability is 
provided. 

A resistor and a peripheral wiring thereof in an 
embodiment of the present invention are now ex- 
w plained. 

Figs. 14A - 14D show steps for forming a 
wiring and a high resistance region on an insulation 
film. 

A NiCrSi layer 212 which is a resistor metal is 

75 formed on a surface of an insulation film 211 by 
sputtering to a thickness of 500 Angstrom. Then, a 
TiW layer 213 is formed on the surface of the 
NiCrSi layer 212 by sputtering to a thickness of 
500 Angstrom. An Au layer 214 is formed on the 

20 surface of the TiW layer 213 by sputtering to a 
thickness of 2000 Angstrom. In this manner, the 
three-layered metal layer 215 consisting of the 
NiCrSi layer 212, the TiW layer 213 and the Au 
layer 214 is formed. 

25 Then, photo resist is applied on the entire 

surface of the multi-layer metal layer 215 to form a 
resist film, which is then exposed to form a resist 
pattern 216 (Fig. 14A). The resist pattern 216 is 
used to remove the multi-layer metal layer 215 in 

30 the area other than the wiring area and the -high 
resistance area. 

The multi-layer metal layer 215 is etched by 
the ion milling method by using the resist pattern 
216 formed on the multi-layer metal layer 215 as a 

35 mask. In this manner, the multi-layer metal layer 
215 in the area other than the wiring area and the 
high resistance area is removed. 

Then, photo-resist is applied onto the remain- 
ing multi-layer metal layer 215 to form the resist 

40 film. The resist film is exposed to form an opening 
in the high resistance formation area to form a 
resist pattern 217 (Fig. 14C). 

The Au layer 214 is selectively etched by the 
ion milling method by using the resist pattern 217 

45 as a mask. Since an etching rate of the Au layer 
214 is four times as large as that of the underlying 
TiW layer 213, only the Au layer 214 can be 
removed by time control. Further, the TiW layer 
213 is etched by the reactive ion etching (RIE) 

so method by using SF6 gas. In the etching using the 
SF 5 gas, the NiCrSi layer 212 under the TiW layer 
213 is not removed. Accordingly, only the TiW 
layer 213 can be selectively removed. After the 
etching of the Au layer 214 and the TiW layer 213, 

55 the resist pattern 217 is removed. 

The area of th NiCrSi layer 212 expos d by 
the etching functions as the high resistance area. 
The three-layer . metal layer 215 not removed by 



7 



13 



EP 0 559 182 A2 



14 



the etching functions as the wiring. Since the high 
resistance area and the wiring are connected by 
the NiCrSi layer 212, they are positively electically 
connected. Accordingly, the defect product due to 
bad connection is prevented and the yield is im- s 
proved. 

In the present embodiment, the NiCrSi layer 
212 is used as the resistor metal layer and the TiW 
layer 213 and the Au layer 214 are used as the 
wiring metal layer although they are not restrictive. 10 
For example, an oxidized NiCr layer may be used 
in place of the NiCrSi layer 212. A TiN layer may 
be used in place of the TiW layer 213. An Al layer 
may be used in place of the Au layer 214. The 
wiring metal layer may be a single-layer metal 75 
layer. 

In accordance with the method for forming the 
resistor and the peripheral winding thereof of the 
present invention, a step to form a contact hole is 
not necessary because the high resistance area 20 
and the wiring are formed in one layer. Accord- 
ingly, the manufacturing process is simplified. Fur- 
ther, since the positioning due to the formation of 
the contact hole is not necessary, a high density 
integration is attained. Further, since the high resis- 25 
tance area is formed by the high precision etching 
process, the resistance of the high resistance area 
is stable. 

Claims so 

1. A lll-V compound group semiconductor device 
having an ohmic electrode having a gold 
germanium/nickel (AuGe/Ni) alloy layer (27) 
formed by alloying a gold germanium (AuGe) 35 
layer (17a) and a nickel (Ni) layer (17b), a 
tungsten (W) alloy layer (17c, 18c) and a gold 

(Au) layer sequentially laminated on a GaAs 
substrate (1 ). 

40 

2. A lll-V compound group semiconductor device 
according to claim 1 wherein said tungsten (W) 
alloy layer of said ohmic electrode is a titanium 
tungsten (TiW) layer (17c) or a tungsten sili- 
cide (WSi) layer (18c). 45 

3. A method for forming an ohmic electrode com- 
prising: 

a first step of sequentially laminating a 
gold germanium (AuGe) layer (17a), a nickel 50 
(Ni) layer (17b), a tungsten (W) alloy layer 
(17c; 18c) and a gold (Au) layer (17d) on a 
GaAs substrate (1); 

a second step of forming a mask pattern 
(6) on said gold (Au) layer (17d) to cover an 55 
ohmic electrode formation area and removing 
said gold germanium (AuGe) layer, said nickel 
(Ni) layer, said tungsten (W) alloy layer and 



said gold (Au) layer in the area not covered by 
said mask pattern (6); and 

a third step of removing said mask pattern 
(6) and alloying said gold germanium (AuGe) 
layer (17a) and said nickel (Ni) layer (17b) to 
form a gold germanium/nickel (AuGe/Ni) alloy 
layer (27). 

4, A method for forming an ohmic electrode com- 
prising: 

a first step of forming an interlayer insula- 
tion film (2) on a GaAs substrate (1) and selec- 
tively removing said interlayer insulation film 
(2) in an ohmic electrode formation area; 

a second step of sequentially laminating a 
gold germanium (AuGe) layer (17a), a nickel 
(Ni) layer (17b), a tungsten (W) alloy layer 
(17c; 18c) and a gold (Au) layer (17d) on said 
interlayer insulation film (2) and the exposed 
area of said GaAs substrate (1); 

a third step of forming a mask pattern (6; 
18) on said gold (Au) layer (17d) to cover an 
ohmic electrode formation area and removing 
said gold germanium (AuGe) layer (17a), said 
nickel (Ni) layer (17b), said tungsten (W) alloy 
layer (17c; 18c) and said gold (Au) layer (17d) 
in the area not covered by said mask pattern 
(6; 18); and 

a fourth step of removing said mask pat- 
tern (6; 18) and alloying said gold germanium 
(AuGe) layer (17a) and said nickel (Ni) layer 
(17b) to form a gold germanium/nickel 
(AuGe/Ni) alloy layer (27). 

5. A method for forming an ohmic electrode ac- 
cording to claim 3 or 4 wherein said tungsten 
(W) alloy layer is a titanium tungsten (TiW) 
layer (17c) or a tungsten silicide (WSi) layer 
(18c). 

6. A wiring structure in a semiconductor device 
using Au in a wiring layer (134) having a TiW 
layer (133) formed between said wiring layer 
(134) and an insulation film (132) on which said 
wiring layer (134) is formed. 

7. A wiring structure in a semiconductor device 
according to claim 6 wherein said TiW layer 
(133) has a Ti mass percentage of 5 - 30 %. 

8. A method for manufacturing a resistor and a 
peripheral winding thereof comprising: 

a step of forming a multi-layer metal layer 
(215) by sequentially depositing a resistor met- 
al layer (212) and a wiring metal layer (213, 
214) on an insulation layer (211); 

a step of patterning said multi-layer metal 
layer (215) by using a lithography technique; 
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and 

a step of etching a desired area of said 
wiring metal layer (213, 214) by using the 
lithography technique. 

5 

9. A method for manufacturing a resistor and a 
peripheral wiring thereof according to claim 8 
wherein said wiring metal layer is a laminated 
structure of a TiW layer (213) and an Au layer 
(214). w 

10. A resistor and a peripheral wiring thereof char- 
acterized in that a high resistance area is 
formed by removing a desired area of a wiring 
metal layer (213, 214) of a multi-layer metal is 
layer (215) having a resistor metal layer (212) 

and said wiring metal layer (213, 214) sequen- 
tially deposited. 
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